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ABSTRACT 

We have detected FIRST J101614.3+520916 with the XMM-Newton X-ray Observatory. FIRST 
J101614. 3+520916, one of the most extreme radio-loud, broad absorption line (BAL) quasars so 
far discovered, is also a Fanaroff-Riley type II (FR II) radio source. We find that, compared to 
its estimated intrinsic X-ray flux, the observed X-rays are likely suppressed, and that the observed 
hardness ratio indicates significant soft X-ray photons. This is inconsistent with the simplest model, a 
normal quasar spectrum absorbed by a large neutral HI column density, which would primarily absorb 
the softer photons. More complex models, involving partial covering, an ionized absorber, ionized 
mirror reflection, or jet contributions need to be invoked to explain this source. The suppressed but 
soft X-ray emission in this radio-loud BAL quasar is consistent with the behavior displayed by other 
BAL quasars, both radio- loud and radio-quiet. 

Subject headings: quasars: absorption lines — quasars: general — quasars: individual (FIRST 
J101614.3+520916) — X-rays: galaxies 



1. INTRODUCTION 

About 10-20% of quasars show broad absorption lines 
(BAL), especially in their ultraviolet (UV) spectra. 
These absorption features usually extend to velocities 
as high as ~ 10 4 km s _1 relative to the emission lines, 
indicating high-velocity outflows in the quasars. These 
absorbers have been identified with winds blowing from 
an obscuring torus or arising from smaller scales asso- 
ciated with an accretion disk feeding a super massive 
black hole. The popular orientation model suggests that 
BAL quasars are normal quasars viewed along the spe- 
cific line of sight, or particularly edge-on, skimm i ng th e 
torus or through a wind (e.g., IWevmann et alJ ll991). 
Although in this picture, quasar radio properties and 
BALs would seem to be independent, no radio-loud BAL 
quasars were found for a long time. It remained so un- 
til deep radio surveys like t he NRAO VLA Sky Survey 
(NVSS, iCondon et aTHl99l and FIRST Bright Quasar 
Survey (FBQS. iBecker etall IT995T: iGregg et al.Ml99ll 
Wh ite et allfe OOO) were conducted, surveying large areas 
to mJy level s, and radio-loud BAL quasars started to 
be identified iBecker et al.lll997t |Brotherton et~aTlll998t 
Becker et aT|l2000l iMenou et al.ll200H iBrotherton et all 



2002j) . Still, BAL quasar frequency does drop s ignifi- 



cantl y among the most rad io-loud quasars ( Becke ret al.l 
I2001|L IBecker et all l|2000ft studied 27 BAL quasars from 
the FBQS sample and found that they show a wide 

1 Department of Physics and Astronomy, University of 
Wyoming, Laramie, WY 82072 

Department of Astronomy, University of Florida, Gainesville, 
FL 32611 

3 Department of Physics, University of California, Davis, CA 
95616 

4 Institute of Geophysics and Planetary Physics, Lawrence Liv- 
ermore National Laboratory, L-413, 7000 East Ave, Livermore, CA 
94550 

a Spitzer Science Center, California Institute of Technology, MC 
220-6, Pasadena, CA 91125 

6 Space Telescope Science Institute, 3700 San Martin Drive, Bal- 
timore MD 21218 



range of radio spectral indices, from flat to steep, indicat- 
ing that a range of orientations is present and therefore 
strongly challenging the orientation model. 

So far, only a few radio-loud BAL quasars have been 
studied at X-ray energies (Brotherton et al. 2005). 
FIRST J101614.3+520916 (hereafter J1016+5209) is the 
first confirmed BAL quasar that has also been identi- 
fied as radio-loud Fanaroff-Riley type II (FR II) source 
iGregg et al.l l2000h Figure ^ shows the BALs in a rest- 
frame UV spectrum of J1016+5209 and Tabled provides 
its optical and radio parameters. The radio luminos- 
ity places it among the extreme end of radio-loud BAL 
quasars. Its double-lobed radio morpholo gy and lumi- 
nosity indicate a classic FR II radio source. TOregg et all 
(2000) argue that J1016+5209 is a rejuvenated quasar, 
possibly through a merger or interaction. We note 
that another kno wn radio-loud, FR II B AL quasar is 
LBQS 1138-0126 l|Brotherton et alJl2002fl . and that the 
double radio lobed BAL qua sar candidate PKS 1004+13 
( Wills . Brandt fc Laorll999|) has recently been confirmed 
bv HST observation ({Wills et alJl200fi() as a bone fide 
FR II BAL quasar. The other k nown radio-loud B AL 
quasars have compact structures (|Becker et alJ l200()). 

Observations with the Chandra X-ray Observatory 
and XMM-Newton show that BAL quasars are up to 
2 orders of magnitude fainter in X-rays t han non-BAL 
quasa r s of the same op tical br ightness l|Green et al 
20011 iSabra fc Hamannl 120011: iGallagher et all 1200 



BrcThertonetafj l2005f) . Available X-ray spectral anal 
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yses of radio-quiet BAL quasars show that they ap- 
pear to have normal radio-quiet X-ray photon indices 
(r « 2), partially or totally covered by absorbin g 
columns of N H < 10 23 cm~ 2 (e.g., Gallag her et alJ2 0021. 
Although the Nh derived from UV absorption lines 
cannot account for the absorption in the X-ray, the 
UV and X-ray absorbers a re probably closely related 
( Brandt . Taor fc Willsll200f1) . 

Radio-loud quasars are factors of 2-3 times brighter in 
the X-rays than radio-quiet quasars with the same opti- 
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cal magnitude l|Brinkmann et alJ2000|h and tend to have 
harder X-ray spectra (T ~ 1.6, e.g., iR.eeves k Turner! 
120001 IPaee et alJ l2005). These factors may make them 
particularly suitable for initial exploratory studies of 
the intrinsic X-ray pro perties and the propert ies of the 
line-of-sight absorbers l)Brotherton et ahl 120051) . We re- 
port the results of a short XMM-Newton observation of 
J1016+5209 in this paper. We detect the object with 
enough counts to compute a hardness ratio, but not 
enough for more detailed spectral analysis. Still, the de- 
tection can rule out some simple models and has shown 
us that even the most powerful radio-loud BAL quasars 
are weak in X-rays. 

2. X-RAY OBSERVATIONS AND DATA ANALYSIS 

We observed FIRST J1016+5209 with XMM-Newton 
on November 3, 2001 with a duration of « 10 ks. This 
was the first X-ray observation of an FR II BAL quasar. 
Unfortunately high X-ray background flares limited the 
usable data of the detectors to only 6.1 ks from the EPIC 
MOS 1 detector, 5.8 ks from the EPIC MOS 2 detector 
(Fig- E 1 - and nothing from the more sensitive EPIC-pn 
detector. Table [21 gives the X-ray properties of FIRST 
J1016+5209. All of the counts have been background 
subtracted. We define the soft X-ray band to be 0.2-2 
keV, and the hard X-ray band to be 2-8 keV. The hard- 
ness ratio is then determined to be HR = (H— S)/(H+S) 
= —0.5 ± 0.08, where H and S are the source counts in 
the hard and soft b ands, respectively, with errors follow- 
ing lCehrels 1 1^)86). Assuming only Galactic absorption, 
we used PIMMS to estimate that a photon index of 1.76 
would give the measured hardness ratio seen in the MOS 
detectors. There were too few counts (46) for a detailed 
spectral analysis, but the hardness ratio indicates an ex- 
cess of soft photons over hard photons. 

The 0.2-8 keV flux after Galactic absorption correc- 
tion, F x — 6.5xl0 _14 erg s _1 cm -2 , is calculated using 
PIMMS and assuming the average power-law photon in- 
dex r = 1.7 for ra dio-loud quasars, c onsist e nt with our 
measu red HR and iReeves k Turner! l|2000l) : IPaee et alJ 
(2005). We also estimate the rest- frame optical-X-ray 
spectral index, a ox =— 1.06, using an optical flux at rest- 
frame 2500A, and an unabsorbed rest-frame 2keV flux 
(0.579 keV in the observed frame). The unabsorbed rest- 
frame 2keV flux was calculated using the observed count 
rate, PIMMS and the Galactic absorption, T = 1.7, and 
making a K-correction. Cosmological effects in the con- 
version between fluxes in observed frame and rest frame 
have been taken into account. 

While a ox =— 1.06 would indicate a rather X-ray bright 
BAL quasar, two additional facts should be considered in 
evaluating the intrinsic X-ray brightness of J1016+5209: 
the optical flux appears significantly reddened and the X- 
ray brightness may also be estimated based on the radio 
flux. 

We estimate the intrinsic X-ra y flux of J1016+5209 us- 
ing the radio-X-ray correlation (Brinkm ann et afll2000jl 
considering the 3cr uncertainty about the correlation . 
We used the total 5 GHz flux from Gregg et al. (2000) 

7 Due to the scatter in the correlation, the uncertainty in the 
estimated X-ray flux can be as large as a factor of 1.24. However, 
this does not affect a ox very much, because a ox spans a large 
frequency range and an uncertainty of a factor of 2 in X-ray flux 
only changes a ox by 0.12. 



and the relationship shown in Figure 13 of Brinkmann 
et al. (2000) for radio-loud quasars. The intrinsic X-ray 
flux is estimated to be 17 (±21) times larger than the 
observed flux in the ROSAT bandpass. Based on this 
apparent supression an d an optical flux d ereddened for 
intrinsic reddening fsee lGregg et alJl2000|) . we calculate 
an intrinsic optical- X-ray spectral index, a ox = —1.19. 
At 2 keV and z — 2.455, a neutral HI column density of 
Nh = 8 x 10 23 cm" 2 would be required to account for 
the faintness of the observed X-ray flux. However, such a 
high HI column density would result in an extreme hard- 
ness ratio, close to unity, inconsistent with our observed 
HR=— 0.5, which is only consistent for a column density 
of Nfl- < 1 x 10 215 cm -2 or less (assuming a normal radio- 
loud quasar X-ray slope). In other words, most of the 
observed soft X-ray photons would have been absorbed 
if X-ray source in J1016+5209 is fully covered by such 
a high column density absorber. Therefore, we conclude 
that the absorber for J1016+5209 is not a simple neutral 
absorber with a high column density. This conclusion 
should be be tempered by the significant uncertainties 
in these estimates, but is consistent with what is seen in 
other BAL quasars. 

3. DISCUSSION 

As mentioned above, the apparently low X-ray flux 
and the fact that the spectrum is not excessively hard to- 
gether suggest that a fully covering neutral absorber with 
high column density cannot explain our data. Possible 
alternative scenarios for our observed X-rays include a 
partially covering neutral absorber, reflection by an ion- 
ized mirror, an ionized absorber, or jet contributions. 

A partially covering neutral absorber with very high 
column density would leave the observed X-ray spectrum 
similar to the incident spectrum except for suppressed 
X-ray flux. If our estimate of the intrinsic X-ray flux 
is correct, the covering factor derived from the X-ray 
reduction factor of 17 for J1016+5209 would be 94%. 

An X-ray spectrum domi nated by re fl ection 
off an ionized "mirror" IRoss k Fabianl Il993l 
IBallantvne. Iwasawa. k Fabianl l200l|i could also ex- 
plain our data, depending on the ionization state of the 
mirror. In this scenario, at some ionization parameters, 
Fe Ka emission would present in the X-ray spectrum, 
but would require better X-ray observations to be 
detected. 

Ionized absorbers have also often been invoked 
to explain the X-ray obse rvations of active galac- 
tic nuclei (e.g. , iKaspi et all 120021 iGrupe et all 120031 
IGallagher etall 120021 I2004F since these absorbers can 
also be transparent for soft X-ray photons, but our data 
set has too few counts to identify any possible absorption 
edges in order to test this explanation. 

Due to the radio-loud nature and the lobe-dominated 
morphology of this object, it is also possible that at 
least part of the observed X-ray is from the jets. 
Recent high-resolution X-ray observations have made 
it po ssible to systematica l ly study X-ray jets and 
lobes ilSambrvma et al.ll200l 12001 IMarshall et aLll200l 
iCrostonet al.ll2005D. The detection rate is typ ically 
~60% llSambruna et alJl200l IMarshall et al.112005^ . We 
therefore speculate that X-rays from the accretion disk 
could be completely absorbed, and we are detecting in- 
trinsically weaker but unabsorbed X-rays from the jets, 



XMM-Newton Detection of J101614.3+520916 



3 



even if beaming effects are not be large given that 
J1016+5209 has a steep radio spectrum. The average 
photon index o f the jets is ~l-5 for a sample of mostly 
FR II objects (Sa mbruna et aljl2004|) . and the core- to- 
jet X-ray flux rat io has a wide range fo r the detections in 
another sample l|Marshall et alJ 2005), from 5 to about 
200. This range covers the supression factor of this object 
(1 7) and most of those rad io-loud BAL quasars (42-348) 
in lBrotherton et all l|2005|) . which have X-ray fluxes con- 
sistent with what might be expected arising solely in the 
jets. Again, better data are required to test this expla- 
nation. 

Finally, there is a possibility that ,11016+5209 is in- 
trinsically X-ray faint, or in a low state at the time of 
the observation since s ome BAL quasars do show sig- 
nificant variability (e.g. IGallaeher et al.l 12004]) . Unfor- 
tunately our short, high background observation consti- 
tutes more of a detection rather than a light curve, pre- 
venting us from detecting variability. However, all BAL 
quasars s o far observed with en ough counts for spectral 
analysis ( Gallaghe r et al.ll2001[) indicate that X-ray ab- 
sorption is mor e likely the prim ary cause of the "X-ray 
weak" quas ars llLaor et aflll997l). 

Recently, iBrotherton et alJ l|2005j) reported X-ray de- 
tections of 5 radio-loud core-dominated BAL quasars 
with Chandra. The hardness ratio ranges from —0.7 to 
0.1, and a ox from —0.8 to —2.0. All 5 objects also show 
significant X-ray suppression compared to estimates of 
their intrinsic X-ray flux. Compared with this sample, 
J1016+5209 does not seem to be abnormal in a ox or 
hardness ratio; our XMM hardness ratio from table 2 
(HR =—0.5) is equivalent to a Chandra HR = —0.7 (es- 
timated using PIMMS, set to CX03). The X-ray proper- 
ties of these radio-loud BAL quasars are in general agree- 
ment with the results for radio-qu iet BAL quasars. Based 
on their X-ray spectral analyses. iGallagher et alJ (2002) 
suggested that radio-quiet BAL quasars have typical in- 
trinsic power-law X-ray continuum of normal radio-quiet 
quasars, but with significant absorption column density. 
However, they argue that the absorption is likely very 
complicated and it is not typically possible to distin- 
guish between a partially covering and an ionized ab- 
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sorber with their data. iGrune et al.l l)2003j) showed ex- 
cess soft X-ray photons in their spectra of 2 radio-quiet 
BAL quasars, and also reported that both a partially 
covering absorber and an ionized absorber could fit their 
observed spectra. It is still not clear whether radio-loud 
BAL quasars also have the typical intrinsic X-ray contin- 
uum of normal radio-loud quasars or whether the FR II 
type BAL quasars like J1016+5209 have special X-ray 
properties. High-quality X-ray spectra are needed to an- 
swer these questions and to reveal the real X-ray nature 
of J1016+5209 and other radio-loud BAL quasars. 

4. CONCLUSIONS 

We have observed and detected the first confirmed 
radio-loud FR II BAL quasar FIRST J1016+5209 in 
the X-ray with XMM-Newton for the first time. We 
have enough counts to derive the hardness ratio, but not 
enough for detailed spectral analysis. The X-ray flux 
appears to be suppressed by a factor of 17 relative to 
the intrinsic X-rays estimated from the radio- X-ray cor- 
relation, although significant uncertainties are associated 
with this factor. If the X-rays are suppressed due to ab- 
sorption associated with a high column density of neutral 
hydrogen, the X-rays observed would be much harder, 
which is inconsistent with the observations. This implies 
that the X-ray absorption in J1016+5209 is more compli- 
cated, such as an ionized absorber, an ionized mirror, or 
neutral but partially covering the X-ray source. Contri- 
butions from a jet are also possible. High-quality X-ray 
spectra are necessary to understand the nature of the 
absorber. 
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Fig. 1. — Total light spectrum of FIRST J101614. 3+520916 from a spectropolarimetric observation obtained with Keck in January 2000, 
showing the broad absorption lines. Emission-line positions are marked. Also marked are atmospheric absorption bands (©). 
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Fig. 2.— FIRST J101614.3+520916 detected by the XMM-Newton MOS2 detector. 
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TABLE 1 

Optical and Ratio Properties of J1016+5209 



BAL Quasar z E (rjR) 
(Mag) 


S20cm 

mjy 


(Mag) 


M s 
(Mag) 


log(LsGHz) log(fl*) 
(ergs s — ^^Hz - 1 ) 


250QA 

(lCT 29 ergs s" 1 cm" 2 Hz" 1 ) 


J1016+5209 2.455 18.6 


177 


0.35 


-26.2 (-27.3) 


34.3 3.4 (2.7) 


8.24 (17.3) 



Note. — Paramet ers fro mlGregge^all I2OO0D unless noted. Ay indicates the intrinsic reddening estimated by Small Magellanic 
Cloud reddening law JPrevo t et alJIl 984ft and matching the UV spectrum of J1016+5209 to the FBQS composite quasar spectrum 
(Brothcrton ct al. 2001). Galactic reddening in this direction is insignificant (Ay — 0.017). L$ghz and R* (ratio of radio-optical 
brightness) are for the total radio flux, including that of both the core and l obes. Values in the parentheses have been corrected for 
intrinsic reddening. We note that the absolute magnitude was k-corrcctcd by Gregg ct al. (2000) based on the broad-band colors. 



a Not fromjjGrcgg et alJ 1200(11 . Calculated for this work. The values of f 2500 J^ ar c in observed frame. 



TABLE 2 
X-Ray Properties of J1016+5209 



BAL Quasar 


N H 


Counts s 1 


Soft 


Hard 


S+H 


HR 


Fx 


aox 




(cm- 2 ) 


(io- 4 ) 


cts 


cts 


els 




(ergs s _1 cm~ 2 ) 




(i) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


J1016+5209 


7.64 x 10 lu 


77 ± 6 


36 ± 2.4 


10 ± 1.3 


46 ± 3.6 


-0.5 ± 0.08 


(6.5 ± 0.7) x 10~ 14 


-1.06 (-1.19) 



Note. - - Col. (2): The Galactic neutral hydrogen column density ijDickev fc Lockman"lll990fl . Col. (3): X-ray 
counts per second (0.2-8 keV) from the two MOS detectors. Col. (4): Counts in the soft bandpass (S, 0.2-2 keV) 
from the two MOS detectors. Col. (5): Counts in the hard bandpass (H, 2-8 keV) from the two MOS detectors. Col. 
(6): Tot al counts ( 0.2-8 keV) from the two MOS detectors. Col. (7): Hardness ratio defined as (H-S)/(H+S), error 
following lCehrels"! 1)198(1) . Col. (8): The observed, unabsorbed 0.2-8 keV X-ray flux using PIMMS and assuming only 
the Galactic column density and the photon index T — 1.7. Col. (9): The optical- X-ray spectral index (rest frame 
2500 A-2keV) . The value in the parentheses is calculated from estimated intrinsic X-ray flux and a dereddened optical 
flux. 



